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Figure S1. The initial water vapor fluxes of the PVDF, PVDF-PVA and PVDF-SiNP-FAS 

membranes during direct contact membrane distillation (DCMD) experiments. The error bars 

were calculated from four independent experiments. 
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Figures S2. Normalized water flux and change of distillate conductivity of PVDF, PVDF-PVA 

and PVDF-SiNP-FAS membranes during the DCMD scaling experiment. The feedwater 

contained 50 mM NaCl, 1 mM NaHCO3, as well as 1.5 mM Na2SiO3·5H2O (A, B) or 6 mM 

Na2SiO3·5H2O (C, D) at pH of 6.50 ± 0.05. The crossflow velocities in the feed and distillate 

streams were 9.6 cm/s and 6.4 cm/s, respectively. The temperatures for feed and distillate 

streams were maintained at 60°C and 20°C, respectively. The initial volume of feed solution was 

1500 ml. The initial water vapor fluxes were 30.7 ± 0.2 L m-2 h-1, 33.2 ± 0.25 L m-2 h-1, and 24.0 

± 0.7 L m-2 h-1 for PVDF, PVDF-PVA and PVDF-SiNP-FAS membranes, respectively. These 

results serve as independent replicate results of what are presented in Figure 2 of the main text. 
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Figure S3. The hydrodynamic diameters of particles formed during DCMD of feedwater 

containing 6 mM of Na2SiO3·5H2O. The error bars were calculated from five independent 

measurements.
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Calculation of concentration polarization of Na2SiO3 for different membranes 

The concentration of Na2SiO3 on the membrane surface is higher than that of the bulk solution 
due to concentration polarization (CP). Since the extent of CP relates to the water flux across the 
membrane, we evaluated the CP modulus of Na2SiO3 for each membrane used in our study. 
According to the film model [1], the scalant concentration at the membrane surface (Cm) can be 
estimated using the following equations: 

        (1)

𝐶𝑚

𝐶𝑏
= 𝑒𝑥𝑝(

𝐽𝑤

𝑘
)

              (2)
𝑘 =

𝑆ℎ·𝐷
𝑑ℎ

    

where Cb is the scalant concentration in the bulk solution, Jw is the measured water vapor flux, k 
is the mass transfer coefficient, Sh is the Sherwood number, D is the solution diffusion 
coefficient, and dh is the hydraulic diameter.

However, we could not find the accurate D value of Na2SiO3 at 60 °C. In the reference of 
Rebreanu et al. [2], the D values of dissolved silica in the temperature range of 2-30 °C were 
reported. Assuming a linear relation between temperature and diffusion coefficient, we obtained 
the D value of 1.9×10-9 m2/s for dissolved silica. As a result, the CP moduli of Na2SiO3 were 
calculated as 1.7, 1.7, 1.5 for pristine PVDF membrane, PVDF-PVA membrane, and PVDF-
SiNP-FAS membrane, respectively. 
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Figure S4. SEM-EDS elemental analysis of the PVDF (A), PVDF-PVA (B) and PVDF-SiNP-

FAS (C) membranes (top-view) after DCMD silica scaling experiments. The concentration of 

silica in the feed solution was 6 mM. 
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Figure S5. Normalized water flux and change of distillate conductivity of PVDF (red) and 

PVDF-SiNP-FAS (purple) membranes during DCMD experiments with gypsum scaling. The 

feed solutions contained 20 mM CaCl2, 20 mM Na2SO4, and 50mM NaCl. The crossflow 

velocities in the feeding and permeating streams were 9.6 cm/s and 6.4 cm/s, respectively. The 

temperatures for feed and distillate streams were maintained at 60°C and 20°C, respectively. The 

initial volume of feed solution was 1500 ml. The initial water vapor fluxes were 30.9 L m-2 h-1 

and 25.5 L m-2 h-1 for PVDF and PVDF-SiNP-FAS membranes, respectively. 
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Figure S6. Normalized water flux and change of distillate conductivity of PVDF, PVDF-PVA 

and PVDF-SiNP-FAS membranes during DCMD experiments with colloidal silica fouling. The 

feed solutions contained 50 mM NaCl, 1 mM NaHCO3, and 360 mg/L silica colloidal particles at 

pH of 6.50 ± 0.05. The crossflow velocities in the feeding and permeating streams were 9.6 cm/s 

and 6.4 cm/s, respectively. The temperatures for feed and distillate stream were maintained at 

60°C and 20°C, respectively. The initial volume of feed solution was 1500 ml. The initial water 

fluxes were 30.3 L m-2 h-1, 30.4 L m-2 h-1, and 25.9 L m-2 h-1 for PVDF, PVDF-PVA and PVDF-

SiNP-FAS membranes, respectively. These results serve as independent replicate results of what 

are presented in Figure 6 of the main text. 
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Figure S7. SEM micrographs of PVDF (A), PVDF-PVA (B) and PVDF-SiNP-FAS (D) 

membranes after DCMD experiments with colloidal silica fouling. The concentration of silica 

particles was 6 mM. Note that in contrast to silica scaling (Figure 4D-F), no compact and gel-like 

scale layer was observed.  
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Figure S8. Normalized water flux and change of distillate conductivity for PVDF-SiNP-FAS 

membranes during DCMD experiments with silica fouling. The experiment was terminated at 3 

hours (blue) for the analysis of membrane surface wettability after short-term scaling tests. A full 

scaling experiment (red), which was performed for > 1000 minutes, is presented for comparison. 

The feed solutions contained 50 mM NaCl, 1 mM NaHCO3, and 6 mM Na2SiO3·5H2O at pH of 

6.50 ± 0.05. The crossflow velocities in the feeding and permeating streams were 9.6 cm/s and 

6.4 cm/s, respectively. The temperatures for feed and distillate stream were maintained at 60°C 

and 20°C, respectively. The initial volume of feed solution was 1500 ml. 

10



Figure S9. Photographs of PVDF-SiNP-FAS membrane after 3 hours of DCMD treatment of 

feed solution containing 6 mM Na2SiO3·5H2O (as shown in Figure S8). (A) The membrane side 

facing the feed stream; and (B) the membrane side facing the distillate stream.
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